logical pH in some cases. Thus only certain alkyl groups are suitable.
The use of N-1-naphthyl ethylenediamine dihydrochloride(NEDD)1 as a standard for total bilirubin assay was first proposed by Bilissis and Speer (1) and led us to suspect that the aliphaticamine group was responsible.
We looked at both the ethylenediamine and naphthylamine analogs of NEDD ( Figure 1 ) and found that naphthylamine showed no interference with the potassium determination. We concluded from this that the aliphatic amine was indeed involved.
We considered several alkyl derivatives of NEDD to eliminate the interference with the potassium electrode,includingsome derivativesin which the aliphaticamine was blocked.
The monomethyl derivative was found to cause only one-fifth the elevationof potassium values as did the parent NEDD compound, and was sufficiently soluble for incorporation into the SMAC calibration mixture. We therefore selectedthiscompound foruse in calibration of the direct bilirubin channel. Analytical determinations were performed on three SMAC analyzers (4) and an AutoAnalyzer IIcontinuous-flowanalyzer(5). We used the method of Jendrassikand Grof as modified by Gambino (6) on allinstruments used in thisstudy, and a Model 2400-2 spectrophotometer (GilfordInstrument Labs., Inc.,Oberlin, Ohio 44074) to determine absorption spectra.
Materials and Procedures

Analytical Cartridge
The flow diagram for the direct bilirubinassay is shown in Figure 2 .The sample ismixed with HC1 (10 mmol/liter),and passes through a five-turnmixing coil, afterwhich the diazo agent isadded. The volume of the second coilis selected to give a totalcoupling time of 1 mm. (The addition of ascorbic acid stops the reaction, and finallyalkalinetartrateisadded to shiftthe azobilirubinchromogen to the alkalinerange.)Blank determinations are performed simultaneouslyby using an identical duplicateflowpath on the same cartridge, with sulfanilic acid substituted for the diazo reagent. Absorbances of assay and blank are measured at 550 nm.
Procedures
Pooled serum containing a high concentration of direct-reacting bilirubin was prepared by freezing human serum specimens containing above-normal concentrations of direct-reacting bilirubin. These tubes were stored at -20 #{176}C and their contents were thawed immediately before use. The concentration of direct-reacting bilirubin in the pool was established by multiple assays according to the manual method recommended by Gambino (7) as modified from the method of Nosslin (8) . A human pooled serum of known direct-bilirubin concentration can be used as a control. We determined the absorption maxima for coupled MMN, NEDD, and the direct-bilirubin fraction. Each specimen was run manually by adding the reagents in the same proportion and under the same conditions as in the automated procedure.The absorption spectraof thesecompounds were determined over the range of 400 to 700 nm.
The time course of this reaction was studied for MMN, NEDD, and the direct-reactingbilirubin in human serum. As inthe previouslydescribedprocedure, serum was manually added to 10 mmol/liter HC1, followed by the diazo reagent. Coupling time was measured by varying the reaction time between 0 and 5 mm, at 1-mm intervals.
Ascorbic acid was then added, to stop the reaction,followed by the alkalinetartratereagent.
The resultingabsorbance was measured in a Model 2400-2 spectrophotometer.
We investigatedthe effecton the other determinationsof incorporatingMMN intothe SMAC calibration serum. A SMAC analyzer was calibrated by using Technicon SMAC I calibration serum. Eight samples of SMAC I calibrationserum with MMN and eight samples of control sera were run against this normal calibration.The system was then recalibrated with SMAC Icalibrationserum containing MMN and eight samples each of regularSMAC Icalibration serum, and the frozen controls were run vs. this new calibration. The purpose of the second run was to determine ifthe MMN addition had any effecton the hydraulicquality of the peaks, to the extent that itwould be rejectedby the peak monitor program.
We We then correlatedvalues fordirect-reacting bilirubin obtained on the same specimens assayed on the SMAC and the AutoAnalyzer IIby the Jendrassik-Grof procedure (6).
Results and Discussion
MMN
and NEDD added to SMAC I calibration serum had no effecton the potassium electrodevalues 
or NEDD added to the SMAC I calibration serum did not significantly interferewith any other determinations on the SMAC. As shown in Table 1 , glucose values were lowered by about 3% in alltest material, while cholesterolwas about 3% low in the frozen control.
The absorptionspectraofthe coupled NEDD, MMN, and direct-reacting bilirubin are shown in Figure 3 .The absorption spectra for both NEDD and MMN show a broad peak with a maximum at 500 nm, but serum has minimal absorbance at thiswavelength. The absorption curve for serum shows a maximum at 575 nm. The absorbances of NEDD and MMN at 600 nm are virtually zero (0.4% of the absorbance at the 575-nm maximum). At 550 nm theirabsorption is45% of the maximum at 500 nm. We chose thiswavelength for routine use because it gives maximum sensitivity for the direct-reacting bilirubin channel and minimum interference in the total-bilirubin channel as well as adequate sensitivity for standardization at 19 mg of bilirubin per liter.
The reactiontime curves forNEDD, MMN, and direct-reacting bilirubin in human sera are illustrated in Figure 4 . The reaction for either NEDD or MMN is virtually complete in 1 mm. The reaction with human serum continues slowly afterthe 1-mm measurement and the value never becomes completely constant. A coupling time of 1 mm was chosen forthis test, in accord with these resultsas well as recommendations in the literature (7, 9, 10) fordetermination of directbilirubin. The "1-mm" direct-bilirubin, although recognized to be an arbitrarymeasurement, has been widely accepted because of its clinical usefulness (11) . The delayed direct-bilirubin has not proved to be of any additional value in diagnosis.The differencein reaction times is now attributed to the identification by chromatography, radioisotopes, and kinetic studies of two direct reacting pigments. Pigment II is the bilirubindiglucuronide; pigment I is an equimolar complex of free bilirubin and the diglucuronide. brator with subsequent change in reagents as is currently done on the SMAC 12/60. Furthermore this method is undesirable, because it is based on the assumption that a change in one channel occurs equally in the other. Calibration sera containing the constituents for standardizing all methods on the SMAC are also necessary because the instrument is designed for aspirating calibration sera from two containers that are separateand distinctfrom the normal sample cup, and, accordingly,aspiration protocol is very rigid.It was thereforeessential to modify the structureof NEDD to eliminatethe interference with the potassium electrode and maximize the solubilityof this compound at the reconstitutionpH.
Some of the derivativestested (Figure 1) 
